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Figure 1- Main reservoir and downstream tank (A), vertical shaft and examples of the mounted spillway on the shaft

(B), plan of the laboratory model with its various components (C) and geometric parameters of spillway and hydraulic
flow (D)
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Table 1- General specifications and range of hydraulic and geometric parameters

Ol yuudi 0090 a>lg 9 ol

Range of changes Symbol and unit

bl
Parameter

(ol 3y IS Jobo
length of the spillway

(agile) 308 ot kb

diameter of the vertical shaft

Gosiilo) o6 ity lis )|
height of the intake
(o sl @i 2k ) 300 b i)
height of the spillway inlet
(o) gla oS Jobo
length of the middle arc
(ragile) it oo 5l (amly ) alold

e sla il
geometric parameters

distance of the bow-tie tip from the vertical shaft

(osile) B8 cals Lames

perimeter of the vertical shaft

(4 )0) 30500 3l ooy s

tip angle of the bow-tie spillway

7. L (cm)

1 D (cm)

v b (cm)

\lid P (cm)

\ g £1(cm)

{14 £2(cm)

v £ (cm)

IR TIAL IRV 0¢)

VEN-F/4 - Q(L.sY
V-Y/80 H (cm)

(o s5le) sy 535 2 ol £lis)|

(46 5 2d) bz @
discharge through spillway

Sdg e sl el
hydraulic parameters

water level over spillway crest

9 40=50) oy A Job L (e 2 9990) (el
(4239) 305 O3l 99 O 9l5 =0
g H Q) )l 5 slaylb (8, 5, b o L
O3s) Cwsdy g golml 3T 6 WS LSas Ly g (o
lg Gl se S sl el
f (ﬁ%%%%}):o ™)
H

. Q.
7 e bl Jlesl e i el 5

by gy Oygeds |) Y dlal,) lg5 s

Q H _
f3 (m.g yRe, We ,9) =0 M

‘Q‘ )b aS

g ode =W, g 50den, 00e = R,

ol ).JbT
5 Ol Slgyiae sle il (18,5 a0 o L
Wl Lal g Femla )y i sl il
Iy Gomla slon,—w 51 Q) s 90— 0 dlal,

by ) odlal) Ojp0 4 GlS o

Q=fi(D,H g, p0,0L 06) M

‘QT o aS

=D s(aib o e ;50) 2y 3l (5y9me 2= Q
0 (=) 5y 595 o L) = H () iy )Lad
= = 2 (ailijgdone ,m o) IS Qlid =

=0 oSe o S5 LS) o (pg—ate
DoiS= 0 (Al o a0 i) Sloss Sz



£Y-0A Lo/ VEv e lime [AG 0ylow /YT Mo/ oiS2] 5 (55l (sBojw cwiige Cliuios

e obis | 6 P9l g Gl LS gim (Semby
099 Smle sleado— omlby slba s 0 e
Lagonly Jowe 5l gl (ol cm g0 o ble LS
I ol L as o e sloml W8 cid g0 4
Sl L g cmois Lo ol 55w (55, <l law
s dn b, slapl e Jes 5 o mhw 5l
odnlin ¥ JSb 0 a S o blan aiod oo g—oxo
o ogmbe 9o Jbail Jome o Jos (il )0 095 s
oS Ll (i, slaplez glas dhb lye
bl plee 4o Gamly OleS £9-5 e g Gl
bl 00, S o Joe (2, sloagla > AL
S =) sbaglr (=hKes e 4 L
For S Job g 99t oo JS5 G5 4l
slaplar )93 p cde an ((B)b 5k e a5
® g ome WIS (amdge DL |, e ()
=Sy L ol 90 Jlas! o) (plos LLE
A8 05 g Ol plos Al SO ol > bk
g 4>l ool dlagenl Jlail gl rals L
T e e 3l Sagme (2 pRelS g Wb
Sl — Ele—l (699,5 Oz F U5 050
(WSSt Gllae e e L ) Gl (LS L (ol
S £ ol sla i (sbed ombs la s 9
oS

90 = ol fa 2 iy, s sk Gl)b
W3 S e Gloe slapleS Sl Sn) <
Cal 9y am Lagsmly e 5 (0, Gl 99
o=l Aol o (9, o el )| Gl 8l L il s
Sy Sde an Logas 5 358 o0 05 oo jl o 2
slaple,> PPl (Gl slaples o, slace
G Sl g al e st DS (i,

D5 0 odaline ,idg)

¢A

ol bld ol o glatalajl o

s We >100) ;o5 sue ;514 0ys )5 i 50k
S BA> (5 9 (0 o (R > 10%) BRUSTREANT
5 (Anwar et al., 1978 & Jain et al., 1978)
=g el v slo il Sos LY Al

1y Ol o0

ﬁ:ﬁ. (%.9) )
Ly
Q=L H2g'2x £, (2,6) ®)

oy sagmes ke, L 0 Al 0,8 dlie Ly
Q=CaLH¥?) g5 o Jp S bl 5o o
Sy Sy 5 (2 s A lal; (e S

(ube £ dlal) O go 4 | axllas

Ca=9g"2xf, ,6) @)

Rl A ok Lol (68513 5y Joe So s
8,8 s Ly g (F ISt 3ilae) yto il 5+
o] VY sl (HID) s> Sodsyies L),
oSy Ry i JSb Sy sl @
IS bl i cosg oy a5l iolesl o o
(Bagheri et o eslaiul (Q = C4L H3/?) zLs o

al, 2010)

bt losl ¢ o
by, 0 sy slegl ez bl o ¥ S



g3y 33 Gl (S Olwogas (L] adlke

B-90

B-150

B-120

B-120-2.6

SRR 9 e LS 9 Faml Sy pw )3 3y SOk Tl glod T USS
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Introduction

A spillway is a structure used to provide the controlled release of water from a dam or levee
downstream, typically into the riverbed of the dammed river itself. One of the types of spillway
used in dams is vertical shaft spillway or the same as morning glory spillway. One of the
methods to increase the flow rate and reduce the occurrence of vortex currents in the spillway is
to modify the shape of the inlet of the spillways. In recent years, spillways with daisy, piano key
and zigzag inlets have been proposed known as spiral spillways. A review of the results of
previous research shows that the common goal in the study of vertical shaft spillways is to pass
the flood flows with the highest possible discharge and the lowest water level and reducing the
destructive effects of vortex currents. In previous researches, issues such as the effect of the inlet
type of wvertical shaft spillway and geometric parameters of the structure on the discharge
coefficient and the study of wvortex occurrence conditions and hydraulic flow of vertical shaft
spillway. In this research a new shape of vertical shaft inlet in form of Bow-tied spillway was
introduced and discharge coefficient of these spillways was investigated using a series of
experiments.

Methodology

The experiments of this research were performed in a metal cube tank with 1.5 m length, 1 m
height and 1 m width with transparent Plexiglas side walls in the hydraulic laboratory of
Department of Water Engineering at Zanjan University. Bow-tied spillways were examined with
different angles of the bow-tie (60-150 degree) in both cases of with middle arc and without
middle arc and the results were compared with a morning glory spillway. In this research, by
preparing eight bow-tie spillways and a morning glory spillway with a total length of 60 cm and
considering the hydraulic conditions (H/D), 72 experiments were run to investigate the effect of
the geometric shape of the spillway on the discharge coefficient.

Results and Discussion

Results showed that in Bow-tied models without middle arc, increase of the bow-tie angle leads
to reduce the flow interference and increase of flow discharge over the spillway. So that B-150
model (with 150 degree, bow-tie angle) had higher discharge coefficient than the other models
of bow-tied. This model had better hydraulic performance than morning glory spillway (10
percent). Also, economic advantage of this model was higher than morning glory spillway (31
percent). Results of the tip position of the bow-tie spillway show in tip angle of 120 degree, the
tip position of the bow-tie has a significant effect on the discharge coefficient of the spillway,
but with increasing the bow tip angle from 120 to 150 degree, the tip position of the bow-tie
spillway did not have much effect on the discharge coefficient. In Bow-tied models with middle
arc, change of bow-tie angle had no significant effect on discharge coefficient and hydraulic
performance of these models was lower than morning glory spillway (5.3-9.7). This could be
due to the interference of fall currents and the low internal area of these models.
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Conclusions

Comparison of the hydraulic performance of bow-tie models with morning glory spillway shows
that the B-150 model has the highest hydraulic performance (10%) compared to other models.
On the other hand, this spillway has a better economic advantage (31%) than the morning glory
spillway. In the construction of reservoir dams, especially earthen dams, the major part of the
executive cost is related to the implementation of concrete structures of emergency spillway. In
this situation, by choosing Bow-tied spillway with optimal geometry, a suitable economic
savings can be achieved along with improving the hydraulic conditions of the flow.

Keywords: Bow-tied spillway , Discharge coefficient, Morning glory spillway, Vertical shaft
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